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Abstract 
Recently, the importance of maintenance has been recognized by many civil engineers because of a lot of aged and 
deteriorated infrastructures in Japan. On the one hand, various composite structures have been developed, especially 
the composite box girder bridge, which consists of a U-shaped open cross section of steel and bridge deck of 
reinforced concrete, is often being constructed nowadays due to its construction cost efficiency. Kando-bashi is a 
composite box girder bridge composed by a reinforced concrete deck and a steel open cross section girder, and has 
been used for about 40 years. The purpose of this study is to provide basic information for the maintenance of the 
composite box girder bridge, in which the global behavior of the bridge is investigated using an on-site loading test, 
and also the slip behavior of the shear connector is investigated using a indoor loading test with a part cut out from 
the bridge. In addition, the remaining strength is predicted through non-linear finite element analysis, using for 
Kando-bashi, where lack of web thickness as corrosion is assumed near the shoes and the live load provided by 
Japanese Standard of High-way Bridge (JSHB) is taken into account. From the results, it can be concluded that the 
bridge functions in the same way as a composite girder though passes 40 years after use, and the remaining strength 
hardly decreases even if the web thickness near the shoe decreases by 40% due to corrosion. 
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1. INTRODUCTION
Recently, the importance of construction maintenance has been recognized by many civil engineers 
because of the prevalence of aged and deteriorated infrastructures in Japan. On the one hand, various 
composite structures have been developed, especially the composite box girder bridge, which consists of 
a u-shaped open cross-section of steel and a bridge deck of reinforced concrete. It is often constructed 
because it is relatively inexpensive. However, adequate maintenance of this composite type bridge will 
clearly be required in the future. 
Kando-bashi is a composite box girder bridge composed of a reinforced concrete deck and a steel open 
cross-section girder, and has been used for about 40 years. Since the bridge is similar to the composite 
girder bridge mentioned above, it is very helpful for the maintenance of this type of bridge in the future to 
clarify the behaviors and the performance of its shear connectors by testing how the Kando-bashi has 
aged during its forty years. 
The purpose of this study is to provide basic information for the maintenance of composite box girder 
bridges, in which the global behavior of the bridge is investigated using an on-site loading test, and also 
the slip behavior of the shear connector is investigated using an indoor loading test with a part cut out 
from the bridge. In addition, the remaining strength is predicted using non-linear finite element analyses. 
We investigate the spots where corrosion has brought about a lack of web thickness near the shoes and 
the live load. The Japanese Specifications for Highway Bridges (JSHB) is taken into account. 
Figure 1: General drawing of the bridge. 
2. OUTLINE OF KANDO-BASHI BRIDGE 
The bridge across the Kando River in Shimane Prefecture was constructed in 1956, and removed from 
service in 2009. The cross-section is a trapezoidal closed-box section composed of a reinforced concrete 
deck with 190 mm thickness, and a steel girder with an open cross-section. The length is 258 m with five 
spans, each of which has a simple support beam of 50.8 m in length, and 8 m in width (two traffic lanes). 
The block shear connector connects the slab and the upper flange of steel girder. 
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The plan figure and cross-section of the bridge are shown in Figure 1. No severe corrosion damages 
were found, though slight rust could be observed around both shoes. 
3. THE ON-SITE LOADING TEST 
The loading test in the field was conducted for seven kinds of loading conditions by using two loaded 
trucks. Among these, two typical loading cases, Case 1 and Case 4, will be introduced, both of which 
make the mostly bending moment and shear force of the girder. The load conditions for Case 1 and Case 
4 are shown in Figure 2(a) and (b), respectively. 
The distributions of the bending strain at the center at the cross-section of the girder in Case 1 and 
Case 4 are shown in Figure 3(a) and (b). The green line is the theoretical value using beam theory. As 
shown in these figures, the cross-section of the composite box girder retains its original complete 
composition because of the approximate correspondence of the experimental value and the theoretical 
value. In Case 1, the concentric load at the center of girder has caused local bending stress on the slab. 
Accordingly, the strains are not equal at both sides of the slab. On the other hand, in Case 4, the cross-
section at the center of the girder has become pure bending, and so the local bending stress is small 
because the concentric load has been spaced from the center of the girder; accordingly, the strain at the 
surface of the slab is uniform. 


 

(a) Case 1 (b) Case 4 
Figure 2: Conditions of load. 
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(a) Case 1 (b) Case 4 
Figure 3: Distributions of bending strain at the center cross-section of the girder. 
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Figure 4: Block shear connector. Figure 5: Photo of the test piece. 
Figure 6: Measurements of the test piece. 
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4. CUTTING OUT A PIECE OF THE BRIDGE LOADING TEST 
4.1 The outline of the loading test 
The piece of the girder and the slab connected by the block shear connector, as shown in Figure 4, was 
cut out from the bridge, and then the behavior of the shear connectors and the load-carrying capacity were 
investigated. The condition of the loading test is one point load on a simple support beam. The section is 
indicated using a red square in Figure 1. The photo and the dimensions of the test piece are shown in 
Figure 5 and Figure 6. As shown in Figure 6, the center lines of the slab and the main girder are different, 
though approximately the width of the slab is 610 mm, and the width of upper flange is 580 mm. The 
distance between the shear connectors is different at the right and left of the loading point. The loading 
test was performed using a 300 tf testing machine. In particular, we measured the deflection on the upper 
concrete surface and the shear between the concrete. 
4.2 The load-deflection curve 
The load-deflection curve at the loading point is shown in Figure 7. The state of the test piece after the 
loading test is shown in Figure 8. Increase in the load did not result in the formation of a large crack on 
the concrete slab after the concrete finally crushed. 
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Figure 7: Load-deflection curve. 

Figure 8: State of the test piece after the loading test. 
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Figure 9: Load-shear curve. 
㻜㻚㻜㻜
㻜㻚㻝㻜
㻜㻚㻞㻜
㻜㻚㻟㻜
㻜㻚㻠㻜
㻜㻚㻡㻜
㻜㻚㻢㻜
㻜 㻡㻜㻜 㻝㻜㻜㻜 㻝㻡㻜㻜 㻞㻜㻜㻜 㻞㻡㻜㻜 㻟㻜㻜㻜 㻟㻡㻜㻜
㻰㼕㼟㼠㼍㼚㼏㼑㻌㼒㼞㼛㼙㻌㼟㼔㼛㼑㻌㻔㼙㼙㻕
㻿㼔
㼑㼍
㼞㻌㻔
㼙
㼙
㻕
㻞㻜㻜㼗㻺
㻠㻜㻜㼗㻺
㻢㻜㻜㼗㻺
㻤㻜㻜㼗㻺
Figure 10: Distribution of shear. 
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4.3 The Shear behavior 
The load-shear curve and the distributions of the shear at the measuring locations are shown in Figure 9 
and Figure 10, where the shear statistics in the figures represent average values at both sides of the test 
piece. The shears begin to increase from the yielding load at the lower edge, about 400 kN, though the 
shears do not appear until 300 kN. Moreover, the shears at the maximum load were about 0.5 mm, and 
they were not large. As a result, the open box girder performed well enough as the composite girder 
because of adequate performance of the block shear connectors after 40 years. 
5. ANALYSIS OF THE RESIDUAL LOAD-CARRYING CAPACITY OF THE CORRODED 
COMPOSITE BOX GIRDER 
Recently, a lot of bridges suffer from corrosion at the area near the shoe. Rainwater from the joint parts 
of slabs cause a wet state near the shoe and this result to corrosion. In this bridge, from the results of 
visual inspections corrosion did not appear near the shoe. An analysis concerning the decline in load-
carrying-capacity using the model is shown in Figure 11 and Table 1, where the webs near the shoe are 
assumed to have been damaged by corrosion. The corrosion wastage of 40% and 70% from the original 
thicknesses at the webs near the shoes were replicated, and it is supposed that the webs near the ends of 
the girder incurred linear corrosion wastage within a one-meter radius from the shoe. The thicknesses of 
the web near the shoe is shown in Figure 12 and Table 2. The live load (B live load) of The Japanese 
Specifications for Highway Bridges (JSHB) acting on a girder involved a corrosion lacks, like in Figure 
13. The loading condition assumed the shear failure near the shoes. From the results, the ultimate limit of 
the load-carrying-capacity was obtained. 
 

Figure 11: Figure of element breakdown. 
Table 1: Number of elements and nodes 
Number of shell elements 27319 
Number of beam elements 39 
Number of nodes 20612 
The relationship between the design load magnification ratio, the deflection at the center of the girder, 
and the corrosion wastages of 0%, 40%, and 70% are shown in Figure 14 and Table 3. The deformations 
and the distributions of Mises stress at the maximum of the design load magnification ratio are shown in 
Figure 15(a)~(c). As the shear strength dominated the type of failure, large stresses appeared at the webs 
near the shoe. Though the healthy parts share stresses until yielding in the corrosion cases of 0% and 40%, 
the parts of corrosion wastage yield first in the corrosion case of 70%. In the case of hard corrosion, the 
parts of corrosion wastage incur local failures; therefore, stresses become small at other areas. As the 
quantities of corrosion wastage at the webs become large, the deflection at the center of the girder 
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becomes large, reaching a maximum at the design load magnification ratio. However, the maximum at the 
design load magnification ratio does not reduce so much. 
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Figure 12: Thicknesses of the webs near shoe. 
Table 2: Thicknesses of the webs near shoe 
Number 
tw
(mm) 
0.6tw (mm) 
0.3tw 
(mm) 
0% 40% 70% 
1 9.00 5.92 3.60 
2 9.00 6.69 4.96 
3 9.00 7.73 6.78 
4 9.00 8.63 8.36 
5 9.00 6.77 5.10 
6 9.00 7.17 5.79 
7 9.00 8.05 7.35 
8 9.00 8.87 8.78 
9 9.00 7.66 6.66 
10 9.00 7.92 7.11 
11 9.00 8.61 8.31 
12 9.00 8.56 8.23 
13 9.00 8.75 8.56 
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Figure 13: Loading location. 
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Figure 14. Relations between the design load magnification ratio and the deflection. 
Table 3: Design load magnification ratio and deflection 
Ratio of corrosion 
Time of design load Ultimate time 
Design load 
magnification ratio 
Deflection
Design load 
magnification ratio 
Deflection
%  mm  mm 
0 1 -44 4.61 -251 
40 1 -44 4.63 -272 
70 1 -44 4.56 -291 
From the above, it can be stated that if the thicknesses of the webs near the shoe suffer from corrosion 
wastage of about 40%, the corrosion wastage has a very small effect upon the ultimate load-carrying-
capacity. In other words, though a lot of bridges have large amounts of corrosion damage, they do not 
suffer from serious dysfunction. However, as corrosion wastage increases local stress and therefore 
damage should be neglected. The evaluation of residual load-carrying-capacity is possible by global 
analysis of a bridge. 
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Figure 15: Deformations and the distributions of Mises stress. 
6. CONCLUSIONS 
From the above tests and analyses, the following concluding remarks can be made: 
1. The open box girder performed well enough as a composite girder because of the adequate 
performance of the block shear connectors during 40 years. 
2. Usually, the safety ratio was 1.7 on the design member; however it was about 4 as the load-
carrying-capacity of an overall structure. 
3. If the thicknesses of the webs near a shoe suffer from corrosion wastage of about 40%, the 
corrosion wastage had a very small effect on the ultimate load-carrying-capacity. 
4. The evaluation of a residual load-carrying-capacity was possible by the analysis of an entire 
bridge. 
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